Exposure of thirty-three patients to one hour of electrical sleep current resulted in a decrease in the values of blood viscosity, haematocrit, haemoglobin and total plasma protein concentrations. Similar decreases in all these parameters were also observed in a control group of ten patients on whom the electrical current was not turned on. The decreased values in both groups seems, therefore, to be related to sedation and not to a specific action of the electrical current.
Electrical sleep has been reported to result in sedation. This effect was determined from clinical observations in man (Forster, Post and Benton, 1963; Magora et al., 1965; Wageneder, 1969) and from laboratory examination of gastric juice acidity in animals Wilson et al., 1969) .
A decrease in blood viscosity and haematocrit values has been noted after die administration of droperidol (Aronson, Magora and London, 1970) . This agent reduces sympathetic activity both by its central depressant effect which causes marked sedation and by its blocking of the receptors (Foldes et al., 1966; Yelnosky, Katz and Dietrich, 1963; Deligne, 1968) . It was considered of interest to determine whether electrical sleep current which produces sedation without any known pharmacological action would alter blood viscosity and haematocrit in man.
METHODS
Thirty-three patients, five female and twenty-eight male, ranging in age from 22 to 58 years, were investigated. Twenty-seven of the patients came from the haematology out-patient clinic and six were patients from the electrical sleep clinic. All had either normal or slightly elevated haemoglobin, haematocrit and red blood cell values.
To obviate the effect of suggestion, all patients were told that they were having a particular blood examination. Only the patients who came from die electrical sleep clinic were aware that the blood investigation was related to dieir dierapy.
The viscosity of blood was examined immediately before and after 1 hour of electrical sleep which was administered while the patients were lying in a quiet, dimly lit room.
The apparatus and method for electrical sleep used in this study have been described by Magora and associates (1967) . A constant current stimulation of 1-2 mA intensity, 50 Hz and a duration of 2 msec was given through three electrodes. The anode electrode was placed in die area of the occipital fossa while the two cathode electrodes were placed on the fronto-parasagittal lines in such a mariner diat the passage of the electrical current from one electrode to another would be through the brain.
In ten of the thirty-three patients examined the same procedure was repeated widiout die electrical current being turned on, die patient being unaware of diis difference.
The viscosity of blood was measured at constant temperature (37 °C) in a Brookfield LVT cone-plate viscometer which permits measurements at five different shear rates ranging from 230 to 11.5 inverse seconds (Wells, Demon and Merrill, 1961) .
All samples of blood were drawn from a large arm vein widiout the use of a tourniquet. Samples for blood viscosity measurements were trans- ferred to a tube containing 5 i.u. of dry heparin per ml of blood. Blood viscosity determinations were repeated three times and haemoglobin and haematocrits were examined in duplicate. Albumin, globulin and fibrinogen values were determined in twenty patients. The haemoglobin concentration was determined as cyanmethaemoglobin (Drabkin and Austin, 1932) . The photocolorimeter was calibrated weekly by an international reference standard of haemoglobincyanide solution 59.0 ±0.15 g/100 ml supplied by the International Committee for Standardization in Haematology (ICSH) (Spaander and Holtz, 1966) . Haematocrit determinations were performed in a Clay-Adams micro-haematocrit centrifuge at 12,000 g for 3 minutes (Dacie and Lewis, 1968) . Total serum proteins were determined by the standard biuret method. Samples for fibrinogen were placed in a separate tube containing dry oxalate and measured by the method described by Ratnoff and Menzie (1951) .
RESULTS
A decrease in the viscosity of blood after 1 hour of electrical sleep was noted in twenty-seven of the thirty-three subjects at all shear rates. In three there was no change, and in the remaining three a slight increase in blood viscosity occurred. Table I summarizes the effect of electrical sleep on the viscosity of blood in all thirty-three patients. The average values for blood viscosity, before and after electrical sleep, were calculated at each of the five shear rates examined. Significant decreases in blood viscosity ranging from 6.04 to 10.14 per cent were found after 1 hour of electrical sleep. 
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Decreases after electrical sleep were also observed in haematocrit (average decrease 3.89 per cent), haemoglobin (average decrease 4.95 per cent) and in total protein concentration in the plasma (average decrease 2.63 per cent) (table II) . All the above changes were statistically significant as shown by the Student West In the ten control patients studied without the electrical current connected, statistically significant decreases were also observed in blood viscosity (average decrease ranged from 4.51 to 12.25 per cent for the different shear rates), in haematocrit (average decrease 4.13 per cent) and in haemoglobin (average decrease 4.24 per cent).
DISCUSSION
The passage of electrical sleep current through the brain, using external electrodes, has been reported to produce sleep in 20-30 per cent and sedation in about 50 per cent of normal volunteers (Magora et al, 1965) . Similar effects have also been produced in asthmatic and insomnia patients (Wageneder et al., 1969; Magora et al., 1967; Glazer, Ashkenazi and Magora 1969) , and in spastic patients (Forster, Post and Benton, 1963; Forster et al., 1967) . Titaeva (1967) used electrical sleep to treat a large group of schizophrenic patients. By evaluating a combination of clinical signs, an association test, and e.e.g. recording in these patients, she concluded that (a) identical currents are capable of inducing different reactions such as sedation, sleep, well-being, or even excitation, depending on the initial state of the patient; (b) the changes arising during electric sleep therapy are not only related to the sedative action of the Downloaded from https://academic.oup.com/bja/article-abstract/42/12/1085/252729 by guest on 23 December 2018 current, but are also dependent on its direct action on structures of the sub-cortex and brain stem.
The attainment of sleep during electrical sleep therapy can be demonstrated by e.e.g. and by behavioural changes. What seems necessary, especially in those patients who do not sleep, is some form of laboratory test which could indicate whether other physiological changes take place under electrical sleep therapy. Reigel and associates (1969) and Wilson and associates (1969) studied the neurophysiological, cardiorespiratory and gastrointestinal effects of electrical sleep currents in primates and man. Their finding of a decrease in total gastric acid production, in both normal and avoidance of shock conditions, was considered to be due to the sedative effect of electric sleep. Other parameters which could indicate a state of sedation and/or changes in sympathetic nervous system activity, seemed to be correlated with variations in plasma volume, blood viscosity and haematocrit. Weil and Chissey (1968) showed that a dilution of blood occurs following the administration of drugs such as guanethidine and phenoxybenzamine which interfere with sympathetic function. Aronson, Magora and London (1970) found a decrease in blood viscosity and haematocrit values 1 hour after the injection of droperidol, which has been attributed to the sedative effect of this drug.
The decrease in blood viscosity, at all shear rates, together with the parallel decreases in haematocrit, haemoglobin and total protein values, in this study indicate a dilution of blood following electrosleep. The haemodilution, which occurred without any associated blood loss or haemolysis, may be due to a redistribution of extracellular volume, fluid being shifted from the extravascular to the intravascular compartment.
The opposite effect was observed in patients during increased sympathetic nervous system activity, as seen in excitement or severe exercise (Kaltreider and Meneely, 1940) . In other studies the administration of sympathomimetic amines resulted in a decrease in plasma volume (Kaltreider, Meneely and Allen, 1942 ) and therefore haemoconcentration (Cohn, 1966) . Unpremedicated tense patients, under the stress of impending surgery showed no change or a slight increase in blood viscosity and haematocrit values (Aronson, Magora and London, 1970) .
It is tempting to relate these changes in blood viscosity to an acute reduction in sympathetic nervous system activity during electrical sleep. However, the fact that similar changes were observed in the control group of patients who were resting in a relaxed atmosphere, seems to indicate that the decrease in blood viscosity is associated with sedation alone and is thus not due to a specific effect of the electrical current on the brain. Yelnosky, J., Katz, R.. and Dietrich, E. Y. (1963) 
